Aims: To evaluate the efficacy and safety of dulaglutide 1.5 and 0.75 mg in patients with type 2 diabetes by subgroups of gender, duration of diabetes and baseline glycated haemoglobin (HbA1c) in the dulaglutide clinical development programme (AWARD-1 to -6 and -8 clinical trials).
| INTRODUCTION
Type 2 diabetes (T2D) is a progressive disease with complex aetiology and pathophysiology. Patients are diagnosed and managed in different stages of the illness. Moreover, given the progressive nature of T2D and despite treatment, glycaemic control tends to deteriorate over time, making it necessary to advance to more complex medication regimens. Patient characteristics may interfere with the effectiveness of some anti-hyperglycaemic medications. 1 It is important to know to what extent patients may benefit from a particular therapy, depending on the stage of the disease such as duration of diabetes, baseline glycated haemoglobin (HbA1c) and individual characteristics such as gender. Data obtained on treatment effects in patients with T2D according to different demographic profiles and baseline characteristics are of value for the development of personalized therapies.
Dulaglutide, a once-weekly glucagon-like peptide-1 (GLP-1) receptor agonist, is approved in the USA, the European Union and other countries to treat hyperglycaemia in adult patients with T2D.
The efficacy and safety of once-weekly dulaglutide 1.5 and 0.75 mg were investigated across the diabetes treatment continuum in the Assessment of Weekly AdministRation of LY2189265 in Diabetes (AWARD) trials. In these studies, dulaglutide was used as monotherapy, combination therapy with one or two oral antihyperglycaemic medications, or with mealtime insulin lispro. [2] [3] [4] [5] [6] [7] [8] [9] At the primary endpoint, dulaglutide 1.5 mg achieved significantly greater reductions in HbA1c compared with metformin, 2 sitagliptin, 3 placebo, 3, 5, 8 exenatide twice daily, 5 and insulin glargine, 6, 7 and achieved similar reduction compared with liraglutide 1.8 mg/d. 4 Dulaglutide 0.75 mg achieved significantly greater reductions in HbA1c vs metformin, 2 sitagliptin, 3 exenatide twice daily, 5 and insulin glargine in combination with insulin lispro with or without metformin, 7 and similar reductions compared with insulin glargine added to metformin and glimepiride 6 ; however, the effects of dulaglutide on patients with different demographic profiles and baseline characteristics including gender, duration of diabetes, and baseline HbA1c in these trials have not yet been reported.
The aim of the present post hoc analyses was to evaluate the efficacy and safety of once-weekly dulaglutide in patients with T2D who participated in the dulaglutide phase III studies, stratified into subgroups based on gender, duration of diabetes (<5, ≥5 years and <10, ≥10 years), and baseline HbA1c (<8.5%, ≥8.5%).
| RESEARCH DESIGN AND METHODS

| Design of clinical trial programme
The 7 AWARD clinical trials (AWARD-1 to -6 and -8) included in the present analyses were randomized controlled clinical studies ranging from 24 to 104 weeks' duration, with a total of 5470 patients. They were designed to evaluate the safety and efficacy of dulaglutide in adult patients with T2D, with primary endpoints at 6 or 12 months, depending on the individual study. The primary objective of the trials was to assess dulaglutide vs placebo and/or active comparators for HbA1c change from baseline. Detailed methods of the individual trials have been previously published. [2] [3] [4] [5] [6] [7] [8] 
| Statistical analyses
The efficacy and safety of dulaglutide 1.5 mg and dulaglutide 0.75 mg in patients were further evaluated by subgroups of gender, duration of diabetes (<5, ≥5 years and <10, and ≥10 years), and baseline HbA1c (<8.5% and ≥8.5%). The analyses were performed on the intention-totreat population (randomized patients who received at least 1 dose of study medication). All efficacy analyses of changes from baseline in HbA1c and fasting blood glucose (FBG) were conducted on pooled studies at 6 months, as this was a common efficacy time point for all 7 AWARD studies. Additional analyses were conducted at 12 months for the 5 studies that had this time point in common (except AWARD-6 and -8). In addition, change in HbA1c was also analysed by individual study. As a result of different background therapies interacting with body weight and potential confounders of safety measures, weight change from baseline and the safety measures were analysed by individual study. Weight change was analysed at 6 months. The incidence of all hypoglycaemia (total hypoglycaemia, plasma glucose ≤3.9 mmol/L [70 mg/dL]) and severe hypoglycaemia (defined as requiring assistance) episodes, 10 and gastrointestinal adverse events focusing on nausea, vomiting and diarrhoea were summarized at final endpoints. The analyses of pooled data for changes in HbA1c and change in FBG were conducted using analysis of covariance (ANCOVA), with model terms baseline value, study, country, treatment, baseline characteristic groups (gender, duration of diabetes), and baseline characteristic groups by treatment interaction. The analyses of change in HbA1c and weight for individual studies were conducted using ANCOVA, including studyspecific stratification factors, treatment, baseline characteristic groups (gender, duration of diabetes), baseline characteristic groups by treatment interaction and baseline value as covariates. Similar models were used when the baseline characteristic group was HbA1c; however, because of the high correlation between baseline value and HbA1c subgroup category, baseline value was not included as a covariate in the analyses of change in HbA1c or FBG. Least squares (LS) means and corresponding 95% confidence intervals (CIs) are presented. Changes were considered statistically significant when the 95% CI did not include 0. The last observation was carried forward for missing data.
Analyses of changes from baseline in HbA1c using a mixed model for repeated measures (MMRM) at 6 and 12 months were also conducted as sensitivity analyses.
| RESULTS
In the present analyses of 7 phase III studies (Table S1, Supporting Information), a total of 5470 patients with T2D were included: 1958 (dulaglutide 1.5 mg), 1417 (dulaglutide 0.75 mg), 1717 (active comparators), and 378 (placebo). Patient numbers for gender, duration of diabetes, and baseline HbA1c subgroups for individual studies are listed in Table S2 , Supporting Information. In general, the distribution for gender, duration of diabetes, and HbA1c at baseline was similar in both dulaglutide 1.5 mg and 0.75 mg treatment arms (Table 1) .
Patients with longer duration of diabetes tended to be older, had Figure 1A ), patients who received dulaglutide 1.5 and 0.75 mg experienced significant reductions in HbA1c, and the gender subgroups were similar (ANCOVA with LOCF analysis): LS means: −1.26% (95% CI −1.36, −1.16) for men and −1.33% (95% CI −1.43, −1.24) for women receiving dulaglutide 1.5 mg; and −1.09% (95% CI −1.19, −0.98) for men and −1.16% (95% CI −1.26, −1.06) for women receiving dulaglutide 0.75 mg. Significant reductions in HbA1c for both treatments in men and women ( Figure 1B) were also observed at 12 months, and the LS mean reductions were similar: dulaglutide 1.5 mg, men: −1.21% (95% CI −1.32, −1.11), women: −1.28% (95% CI −1.38, −1.17); dulaglutide 0.75 mg, men: −1.01% (95% CI −1.13, −0.90), women: −1.04% (95% CI −1.15, −0.92).
MMRM pooled analysis at 6 and 12 months also showed similar HbA1c reductions in men and women for both dulaglutide doses, confirming the ANCOVA analysis (data not shown). ANCOVA analyses of HbA1c reductions from baseline in individual studies, in general, showed similar reductions in men and women at 6 months for both dulaglutide doses (Table S3 , Supporting Information).
In line with changes in HbA1c, the FBG reductions were also similar in men and women for both dulaglutide 1.5 and 0.75 mg treatments at 6 and 12 months ( Figure 2A ,B and Table S4 , Supporting Information).
In general, women had a numerically somewhat greater weight loss, or less weight gain, than men with both dulaglutide doses in all studies except for the dulaglutide 0.75 mg group in the AWARD-1 study ( Table 2 ).
| HbA1c, FBG reductions and weight changes by duration of diabetes
In the pooled analysis ( Figure 1A ), there were significant HbA1c reductions from baseline at 6 months in both the dulaglutide 1.5 mg and dulaglutide 0.75 mg arms among all duration of diabetes subgroups.
The HbA1c reductions for each dulaglutide dose were similar among the duration of diabetes subgroups (ANCOVA with LOCF analysis): LS means: dulaglutide 1.5 mg, <5 years: −1.32% (95% CI −1.43, −1.22), ≥5 and <10 years: −1.33% (95% CI −1.43, −1.22), ≥10 years: −1.24% (95% CI −1.35, −1.14); dulaglutide 0.75 mg, <5 years: −1.16% (95% CI −1.28, −1.05), ≥5 and <10 years: −1.12% (95% CI −1.24, −1.00), ≥10 years: −1.09% (95% CI −1.20, −0.98). At 12 months, the HbA1c reductions ( Figure 1B) were also similar in patients with different duration of diabetes: dulaglutide 1.5 mg, <5 years: −1.25% (95% CI −1.37, −1.13), ≥5 and <10 years: −1.28% (95% CI −1.40, −1.16), ≥10 years: −1.21% (95% CI −1.33, −1.09); dulaglutide 0.75 mg, <5 years: −1.05% (95% CI −1.18, −0.92), ≥5 and <10 years: −0.99% (95% CI −1.13, −0.86), ≥10 years: −1.02% (95% CI −1.15, −0.90). MMRM pooled analysis at 6 and 12 months showed similar HbA1c reductions among duration of diabetes subgroups, consistent with using ANCOVA analysis (data not shown). ANCOVA analyses of HbA1c reductions from baseline in individual studies also demonstrated similar results among duration of diabetes subgroups at 6 months for both dulaglutide doses (Table S3 ,
The FBG reductions were similar among duration of diabetes subgroups for both dulaglutide 1.5 and 0.75 mg treatments at 6 and 12 months (Figure 2A and B, Abbreviations: BMI, body mass index; DU, dulaglutide; FBG, fasting blood glucose; HbAlc, glycated haemoglobin A1c; OAM, oral anti-diabetic medication.
All data are presented as mean (standard deviation) unless otherwise indicated. No formal statistical test on baseline differences was conducted.
| HbA1c, FBG reductions and weight changes by baseline HbA1c
In the pooled analysis, at 6 months, in both HbA1c subgroups, dulaglutide 1.5 and 0.75 mg treatments resulted in significant HbA1c reductions with greater HbA1c reductions observed for patients with baseline HbA1c ≥8.5% than for patients with baseline HbA1c <8.5%
( Figure 1A ; ANCOVA with LOCF analysis): LS mean: dulaglutide Consistent with HbA1c, the FBG reductions were greater in patients with baseline ≥8.5% than in patients with baseline HbA1c
<8.5% for both dulaglutide 1.5 and 0.75 mg treatments at 6 and 12 months (Figure 2A,B and Table S4 , Supporting Information).
Dulaglutide achieved a similar effect on weight in patients with baseline HbA1c ≥8.5% and those with <8.5%, except in AWARD-4 in which dulaglutide in combination with mealtime insulin lispro resulted in weight reduction only in patients with baseline HbA1c <8.5% (Table 2 ).
| Hypoglycaemia
Hypoglycaemia was analysed by study and not pooled because patients were on different concomitant therapies (non-insulin secretagogues, insulin secretagogues and insulin). In general, the incidences of total hypoglycaemia with dulaglutide treatment were higher in the studies with insulin secretagogues or insulin as concomitant medications (AWARD-2, -4, and -8) as compared with the other AWARD studies, and were consistent with that which has been observed in studies on other GLP-1 receptor agonists (AWARD-1 and -6; Table 3 ).
Overall, severe hypoglycaemia during dulaglutide treatment was low. 9 Severe hypoglycaemia was infrequent, with a total of Total hypoglycaemia incidence was similar in men and women and in patients with different duration of diabetes when treated with either of the dulaglutide doses during the period of drug exposure for each individual study ( Table 3 ). The incidence of total hypoglycaemia was generally lower in patients with baseline HbA1c ≥8.5% than in those with baseline HbA1c <8.5% in the dulaglutide arms of all studies except for AWARD-4, in which patients were treated in combination with mealtime insulin lispro. In AWARD-4, the hypoglycaemia incidence was similar between baseline HbA1c subgroups with both dulaglutide doses (Table 3 ).
| Gastrointestinal adverse events
Gastrointestinal adverse events, the most common treatmentemergent adverse events, were mild to moderate and transient in nature with dulaglutide. The percentages of patients reporting gastrointestinal adverse events including nausea, vomiting, and diarrhoea in the individual studies according to gender, duration of diabetes, and baseline HbA1c are shown in Table S4 , Supporting Information. In the present analysis, our data showed that women in general had numerically higher incidences of nausea and vomiting, and this was also observed with some of the comparators in the individual studies (metformin, liraglutide, exenatide twice daily, and insulin glargine).
There was no observed trend for the differences in the incidence of The significant improvements in glycaemic control observed in dulaglutide-treated patients, irrespective of gender in this report, are consistent with results observed in the subgroup analyses of exenatide twice daily, 11 exenatide once weekly, 12 and lixisenatide. 13 A study of liraglutide in a real clinical practice context also showed no differences in HbA1c reductions between women and men, consistent with our findings. 14 Furthermore, no difference in HbA1c changes was also observed between men and women in dulaglutide-treated Japanese patients. 15 Dulaglutide-treated women from these AWARD trials had a numerically greater weight loss or less weight gain compared with men, and this is consistent with results reported with exenatide twice daily or once weekly. 11, 12 It has been hypothesized that the differences in response may be related to interaction with other hormones known to be different between sexes, such as leptin.
Moreover, GLP-1 receptor agonists appear to have an additive effect on the anorexogenic response to leptin. 16 Thus, this mechanism of action could be hypothesized to account for the sex-specific differences observed. In addition, subgroup analysis of dulaglutide treatment in Japanese patients also resulted in greater weight loss in women. 15 Future investigations would be needed to clarify the observed differences in weight loss between men and women. tide twice daily, 11 exenatide once weekly, 12 liraglutide, 17 or albiglutide treatments. 18 Blonde et al. 13 reported recently that there was no evidence of smaller changes in HbA1c with longer duration of diabetes with lixisenatide. 13 All these findings suggest that GLP-1 receptor agonists may be effective in patients with advanced stages and long duration of diabetes. In addition, dulaglutide was shown to have significant HbA1c reduction regardless of β-cell function at baseline. 19 Our observation that poorly controlled patients with baseline HbA1c ≥8.5% had greater HbA1c reductions compared with patients with baseline HbA1c <8.5% is consistent with published data that patients with lower baseline HbA1c tend to experience smaller treatment-induced changes in HbA1c than those with higher HbA1c at baseline. [20] [21] [22] This was also reported for liraglutide by Henry et al. 23 In that post hoc analysis of phase III, randomized controlled trials, patients with T2D were stratified by baseline HbA1c values into 5 categories (≤7.5%, >7.5% to 8.0%, >8.0% to 8.5%, >8.5% to 9.0%, and >9.0%), and reductions in HbA1c levels with liraglutide were generally greater in groups with higher baseline HbA1c. Similar findings were also reported for lixisenatide, with greater reductions in HbA1c in patients with higher baseline HbA1c levels, as shown in a pooled analysis of the lixisenatide GetGoal studies. 13 Consistent with the present analysis, studies looking at baseline factors as predictors of outcomes in patients treated with GLP-1 receptor agonists reported thus far indicated an association between baseline HbA1c and change in HbA1c, such that patients with higher baseline HbA1c usually experienced greater decreases in HbA1c.
Another important clinical characteristic hypothesized to interact with glycaemic control with dulaglutide is baseline body mass index (BMI); however, recent analyses found no influence of baseline BMI on HbA1c reductions in response to dulaglutide 0.75 and 1.5 mg in individual AWARD studies. 24 Furthermore, weight changes were not dependent on baseline BMI either. 25 Total hypoglycaemia incidence observed with dulaglutide was similar across gender and duration of diabetes subgroups. The incidence of total hypoglycaemia was generally lower in patients with baseline HbA1c ≥8.5% than in those with baseline HbA1c <8.5% in dulaglutide studies except AWARD-4, in which the hypoglycaemia incidence was similar between baseline HbA1c subgroups with both dulaglutide doses. Concomitant mealtime insulin lispro in AWARD-4 caused a higher level of hypoglycaemia which may have confounded the effect of baseline HbA1c on hypoglycaemia.
The incidence of gastrointestinal adverse events on dulaglutide treatment peaked at 2 weeks and rapidly declined over the next 4 weeks. [2] [3] [4] [5] [6] [7] [8] In this post hoc analysis, no consistent differences were observed for the incidence of gastrointestinal adverse events in dulaglutide-treated patient subgroups categorized by duration of diabetes or baseline HbA1c, consistent with the observation of no striking differences seen for exenatide once weekly categorized by duration of diabetes. 12 Dulaglutide-treated women experienced numerically higher incidences of nausea and vomiting, and this was also observed with some of the comparators in the individual studies (metformin, liraglutide, exenatide twice daily and insulin glargine), similarly to the results reported with exenatide once weekly. 12 Interestingly, we also observed numerically greater weight reduction in women than men treated with dulaglutide in this post hoc analysis.
Limitations in these analyses restrict the application of these data to the larger population of patients with T2D. The analyses were post hoc, and no placebo or active comparator data were included in the pooled analyses. While the number of patients was large, they were selected according to protocol-defined inclusion criteria and may not necessarily be representative of the entire T2D patient population in clinical practice. The mean duration of diabetes of~8 years and the mean age of 56 years were typical for the clinical trials, but may differ from the wider T2D population. Similarly, concomitant glucoselowering medications in these studies may not fully represent the various combination treatments available in daily practice. Moreover, the durations of the studies in the present analysis were limited to 6 or 12 months, which may not reflect the effect of longer-term use of dulaglutide.
In conclusion, treatment with dulaglutide resulted in clinically meaningful HbA1c and FBG reductions, irrespective of gender or duration of diabetes at baseline. The HbA1c reduction of dulaglutide was larger in those patients with higher baseline HbA1c. The effect of dulaglutide on weight is generally similar, irrespective of duration of diabetes and baseline HbA1c, but numerically greater in women.
The overall safety profile is consistent with the GLP-1 receptor agonist class.
